This paper examines how two Australian land use planning systems address the creation of hazard resilient communities in tropical areas. The application of substantive hazard knowledge and how this influences the associated procedures within the planning system is examined. The case studies of Darwin the capital of the Northern Territory, and the beachside suburb of Machans Beach within the Cairns Regional Council in far north Queensland are investigated. Both case study locations have experienced tropical cyclones since settlement and despite their hazard prone locations, both have intensified over their 120 year existence. Moreover, it is predicted that cyclones in tropical Australia will decrease in number, but increase in intensity. It would be rational to assume that industry, community and government would actively pursue planning strategies to negate the risks of natural hazards and the corresponding level of vulnerability to a hazard event. However, neither communities nor planning are driven by rational technical decision making processes. The paper concludes that the rhetoric for creating hazard resilient communities dominates national and state government policy, however this has minimal influence upon the legal framework that protects development rights. It would appear that the safe development paradox [1, 2] , is present in the Australian land use planning system, and that the focus of planning is on creating certainty of development rights and achieving efficiencies through urban settlement patterns, as opposed to creating hazard resilient communities.
Introduction
Hazards borne of meteorological events are far more devastating to Australia than geological events such as earthquakes and landslides. According to Blong [3] from 1788 to 2003, 35 percent of total deaths from natural hazards in Australia were attributed to tropical cyclones, with a further 38 percent being attributed to flood events. Recent meteorological events in tropical north Queensland alone may have removed up to one and a half billion dollars from the local agricultural and tourism economy [4] and up to eight billion dollars in lost coal mining production [5] . In view of the extent of these losses, it would be rational to assume that industry, community and government would actively pursue planning strategies to mitigate the risk of natural hazards and the corresponding level of vulnerability to a hazard event. However, neither communities nor planning are driven by rational technical decision making processes.
It is the goal of the Australian federal government to create, facilitate or enhance a community's resilience [6] to natural disasters.
Hazards knowledge is (or is not) incorporated into statutory land use plans (also referred to as planning schemes) in two case study locations. The purpose of this examination is to ascertain the extent to which the 'safe development paradox' is prevalent within the two case study communities.
The 'safe development paradox' [1] describes how governments condone the use of hazardous areas for development provided steps are taken to make it safe for human occupation. These funded measures include engineering works such as flood levees, the application of building codes and setbacks for construction in hazard prone locations and disaster relief for affected home owners and businesses. These initiatives in turn influence how state and local governments respond to development in hazard prone locations.
State and local government entities recognise the presence of hazard induced risk through [1] :
• mitigation works (rock walls and flood levees);
• building practices including design to withstand strong winds, setback distances from rivers, oceans or dam walls; and
In the natural hazards literature, the term resilience is used to describe the extent to which an individual or a collective of individuals are able
• planning frameworks to guide the location of development away from hazard-prone areas.
Mitigation planning is often the responsibility of emergency services and has typically been limited to creating prepared communities through education on both pre-and post-event behaviour. In more recent times, the mitigation of natural hazards through land use planning has been recognised as playing an important role in creating a prepared and resilient community [6, 13, 14] . Land use planning frameworks can serve to proactively identify areas that are physically vulnerable and address the associated risks through the creation of statutory development assessment frameworks that take these factors into consideration when making land use decisions and assessing development applications. This paper concentrates on the planning frameworks that are applied in two tropical cyclone-prone locations in northern Australia. The planning frameworks are assessed according to five key components, namely, planning legislation that includes the mandate for creating hazard-resilient communities, state planning policies that guide development in the hazard-prone location, local statutory plans (planning schemes), property disclosures and their relationship with emergency management systems.
The planning framework in the Northern Territory (NT) is reviewed in light of the reconstruction of its capital city, Darwin, following cyclone 'Tracy' in 1974. The paper discusses the adaptation, or as Li [8] describes it, the maladaptation to the planning knowledge gained from this experience and the limited impact that this knowledge has had on the planning provisions in both the Northern Territory and other tropical cyclone-prone locations. This is further supported through an investigation of a recently approved development application in the storm surge-prone suburb of Machans Beach within the city of Cairns in far north Queensland, to illustrate how land use planning may mitigate risk but does not consider community resilience.
To assist with understanding the interrelationships between natural disaster management and the land use planning systems in the Northern Territory and Queensland, we have included a timeline of significant natural disaster events and Australia's system of government from the 1870 to the present in Figure 1 . In Figure 1 , events relating to Cairns and the Queensland Government are shown above the timeline, and events relating to Darwin and the Northern Territory are shown below the timeline. Events relating to the Commonwealth are shown in italics.
Background
The term 'planning' is used in this paper to refer to the decisionmaking and plan-making processes that underpin change, or as Yiftachel [15] suggests, planning describes the publicly guided transformation of space. Planning is the process of managing change within communities and is a human activity undertaken by people for people. Planning, according to Chadwick [16] , is a process of human forethought and the subsequent actions based upon that forethought that is focused upon the future. Planning is therefore future-oriented and simultaneously optimistic, because it assumes the ability of people within the system to control the forces that impact upon the future [16] .
Planning systems include the legislation that governs the plans, the statutory planning schemes that regulate development, the development industry that lobbies for development, and the politicians, the community and planners who have different interpretations of what planning is about and how the benefits of development should be distributed. This invariably means that there are a series of competing realities and demands upon the system and what it should deliver. Traditionally however, the planning system has evolved to provide land use certainty to the development industry (particularly for housing and new urban development) and the community [17] .
Planners working in the public sector increasingly rely on rational technical data inputs as 'evidence' to substantiate allocation decisions, such as where to permit development and the range of land uses including the suitable scale and intensity of these uses at a particular location. However, planning has adopted a risk framework to organise the evidence that underpins decisions regarding the allocation of land use rights to parcels of land that are inclined to be physically vulnerable to natural hazards such as a cyclones, storm surges, landslips, or bushfires [18] . Where risk is able to be mitigated through development conditions or engineering solutions, land use rights commensurate with the level of residual risk are subsequently attached to land. Development that is lawfully commenced and consistent with the land use plan cannot be rendered unlawful by the occurrence of any subsequent event such as a tropical cyclone. This means that land use rights cannot be retrospectively changed and existing land use plans cannot be adapted to reflect new knowledge. This protection against retrospectivity is how certainty in development rights is created, and in turn, how wealth is generated [19] . However, this inability to adapt to new knowledge has ramifications for creating hazard resilient communities.
Hazard Resilient Community
Hazard types vary and therefore the substantive knowledge applied to identify potential locations varies. A hazard prediction system is typically used to analyse the interaction between the hazard occurrence and land conditions [20] . A community that is located in an identified high hazard area, such as tropical areas that have a history of experiencing tropical cyclones and storm surges, will typically have a higher likelihood of experiencing an actual hazard event and is described as physically vulnerable [21] . Social vulnerability is a product of social inequalities and describes the susceptibility of social groups to the impacts of hazards and their ability to adequately recover from them [22] . Hazard related vulnerability describes the built, social, natural and economic environment that communities live within and how these in turn influence hazard susceptibility, response, recovery and overall resilience in the aftermath of a disaster.
The relationship between hazard, risk, vulnerability and resilience is complex and multi-dimensional. Generally, the literature suggests that there is an inverse relationship between vulnerability and resilience, whereby a highly vulnerable community possesses low levels of resilience [23] . Resilience has been studied from many different disciplines and as a consequence there is no one universally agreed definition of the term. According to Maguire and Cartwright [24] , the term has been applied in engineering to refer to the ability of a material to return to its pre-existing state after being subject to stress. The term has also been extensively researched in the discipline of psychology to describe how individuals respond to trauma [25] . More recently, the term has been applied in community psychology to describe how a group of individuals collectively respond to a shared change in circumstances, such as drought [26] , type of development [27] [28] [29] or climate induced environmental change [30, 31] . The term resilience has been defined by Bonanno [6] as the amount and/or type of disturbance the affected community can absorb and still remain within or function as a minimum in the same state after experiencing stress.
The term 'social vulnerability' [21, 32, 33] is used to refer to subpopulations of communities located in physically vulnerable areas that are affected by social factors that shape their susceptibility to harm and govern their ability to respond.
Populations that are known to be socially vulnerable are characterised by [34] [35] [36] age, low health, gender, marital status, race, income and housing conditions. Land use planning can identify places that are physically vulnerable to hazards. However, the relationship between land use planning, hazards and social vulnerability is far more complex and poorly understood.
According to the hazards literature, a resilient community has the ability to maintain its basic functions before, during and after an event and is able to return to its original state after an event has occurred, see for instance [24, [37] [38] [39] . The ability of the community to adapt to the change in a positive and effective way helps to determine the level of resilience [27] . The key components of resilience were described by Norris et al [40] as being a capacity to successfully adapt in the face of disturbance, stress or adversity. They undertook a content analysis of the definition of resilience in the literature and determined that there were six interpretations of resilience within twenty one research papers. These were described broadly as physical, ecological system, social, city, community and individual. Each of the twenty one definitions analysed, shared two common features, namely: a stress stimuli and a collective response to the stimuli. It is the response to the stimuli that is the focus of resilience. The entity is described as resilient, if after experiencing the stress stimuli, they are able to survive in a minimal state as they did before the stress. However, none of the literature seems to have considered the notion that a community may not be resilient if their settlement is destroyed and residents are either killed or do not return after the disaster strikes. The disintegration of a community is also an important component of resilience, as it describes a community that is incapable of returning to its original state after the disaster event. Disintegration in this sense, is the opposite state to resilient as it suggests that the integrity of the community is incapable of adapting after the hazard event and the response may include relocation, as opposed to rebuild or resettle in the same location.
Recent research [37] [38] [39] identifies there are three forms of resilience associated with natural hazards:
1. Stability resilience is the most recognised type of resilience as it refers to the ability of a community to return to its pre-disaster state. This type of resilience is measured by the amount of disturbance a system can tolerate before it shifts to an alternative state. This definition relies on the use of a threshold to determine the level of resilience. A resilient community displays a high change threshold and possesses the capacity to absorb and tolerate stress before the threshold is breached.
2. Resilience as recovery is described as the ability of a community to bounce back from a stressor or force and return to its original state. Resilience in this instance is measured on the time taken for a community to return to its original state.
3. Resilience as transformation is the capacity of a community to respond to a change adaptively. Unlike the other forms of resilience where the community returns to its pre-existing state, transformative resilience sees a more suitable and sustainable approach to the current environment. This form of resilience is concerned with the concepts of renewal, regeneration and reorganisation [38] .
These definitions of resilience can be viewed as a continuum from disintegration to transformation to describe the capacity of a community to respond to a natural hazard (Figure 2 ). Disintegration has social and physical components that are yet to be discussed in the literature to determine what level of disturbance precipitates the decision to rebuild or relocate. For instance, Darwin's population numbers had recovered to pre-cyclone levels within two years after cyclone Tracy in 1974. However, the demographic composition of the population changed dramatically. About 60 percent of the Darwin population who left after cyclone Tracy did not return [41] . This has serious implications for the functioning of social networks within a community and the level or type of resilience that may be achieved subsequent to a disaster. The pre-cyclone Darwin community will not function as it did before the cyclone because it retained only 40 percent of its original population. Land use planning plays an integral role in the creation of hazard resilient communities because the frameworks that underpin decision making can influence where settlements and future communities can be established.
To understand the relationship between land use planning and hazard resilient communities in tropical Australia requires an understanding of one of the most devastating disasters in Australian history, 'cyclone Tracy' and the responses and policy initiatives that ensued.
Cyclone Tracy and Planning in Tropical Australia
On Christmas Eve in December 1974, cyclone Tracy destroyed Darwin, and claimed 65 lives. Of the 8,000 houses in Darwin, approximately 5,000 were destroyed or damaged beyond repair and only 500 remained intact and continuously habitable [42] . The suburb of Wagaman experienced extensive damage from cyclone Tracy ( Figure  3 ). With this devastation came the loss of critical infrastructure services such as sewerage, drinking water, communications and electricity. The solution to the immediate problem was a mass evacuation. Within a matter of hours of Tracy's landfall, the most extensive evacuation in Australian history commenced. About 25,658 residents were airlifted more than 3,000km away, 11,000 self-evacuated (departures in private vehicles) and 10,500 remained to facilitate the clean-up [43] .
It should be noted that Darwin has a long and contentious history of development controls, aside from those related to land within the stormsurge zones. Since the first town plan was introduced in 1937, there has been conflict either between the Commonwealth Government (as administrators of the Northern Territory or the Defence Department), the city/municipal council or the residents. This conflict was particularly heightened subsequent to cyclone Tracy when the Commonwealth Government established the Darwin Reconstruction Commission (DRC) to oversee its planning and reconstruction. The DRC viewed the reconstruction of Darwin as an opportunity to redress the ills of the past, to redesign the town and create a new plan. This plan was delivered in May 1975 amid controversy and criticisms from all sectors of the community and government. However, the most contentious issue was related to development (or more aptly the prohibition of development) on the 1000 lots (or 20 percent of the total privately owned lot stock) that fell below the storm-surge line. The conflict over these and other planning controls along with lack of Commonwealth funding to pay for the compulsory acquisition of these storm surgeaffected blocks did little to obstruct the pre-Tracy population resettling on the same block [44] . The planners had expected a slow repatriation, but by June 1975 there were 33,000 people (70 percent of the size of the pre-cyclone population) back in Darwin. This meant that the plan was no longer able to be adopted in its original form and this forced the DRC to turn its focus from planning to reconstruction. Moreover, a change in DRC leadership due to a lack of public confidence, saw, amongst other things, the recognition of pre-cyclone land use rights and a more flexible planning scheme containing land use categories that were far broader than those of the pre-cyclone scheme [44] .
Despite assertions by Li [8] that the land use planning system in the NT has in essence malfunctioned since Tracy, Li [8] maintains that it failed to recognise the role the community plays in making decisions about land uses. While it may appear irrational and therefore a 'maladaptive' response to permit the resettlement of a storm-surge zone, it is the value-laden nature of the planning system that responded to the demands of the community subsequent to Tracy, in combination with a range of failed policy initiatives that gave land owners no choice but to resettle within the storm surge zones of Darwin. The failed compulsory acquisition policy initiatives of the Commonwealth had such a devastating effect on the psyche of the residents that they resulted in a more relaxed regulatory environment that would not usurp their future rights to live and use the land as they chose [44] . In essence, the land use planning system was a tool for expressing these social values and very little change in the development provisions since 1978 has occurred, including the ability to intensify development within these zones.
This article describes two adaptive responses to knowledge about natural hazards in the current land use planning frameworks in tropical Australia to describe the relationship between hazard resilience and land use planning since cyclone Tracy. The legislative and policy arrangements in Australia, like most other federated nations in the world, are complex due to the structure of our federation established and enshrined in the Australian Constitution. The following section explains the complexities of our system of government to enable a more in-depth understanding of the issues involved in creating hazard resilient communities through land use planning.
Land Use Planning and Disaster Resilient Communities in Australia
Under the Constitution, Australia's federal system of government has resulted in a tripartite hierarchy of political power consisting of a federal (national) government with limited powers, 8 state and territory governments, and 560 local governments. The six colonial To overcome some of the structural impediments to national policy development, the Commonwealth, the six States and the two self-governing Territories agreed to the establishment of the Council of Australian Governments (COAG). COAG's primary role is to facilitate policy reforms that are of national significance and that require the co-ordination of all levels of government. In 2011, COAG underwent a structural reform and reduced the overall number and types of Ministerial Councils operating under its umbrella [45] . COAG decided to establish a system of three types of ministerial councils, comprising ongoing standing councils to address issues of national significance; select councils that are reform-focused and time-limited; and legislative and governance fora for overseeing responsibilities set out in particular legislation, intergovernmental agreements and treaties outside the scope of standing councils. The nature and responsibilities of some of the Standing Councils and other fora relating to national policy development for emergency management, disaster resilience and land use planning are discussed below. COAG has also established the COAG Reform Council as part of the arrangements for federal financial relations to assist COAG to drive its reform agenda. Independent of individual governments, the COAG Reform Council reports directly to COAG on reforms of national significance that require cooperative action by Australian governments. The COAG Reform Council's mission is to assist COAG in strengthening the performance and public accountability of governments, and it does this by monitoring the performance of the various National Partnerships and Agreements that COAG enters into.
The membership of COAG comprises the Prime Minister, the six State Premiers, the two Territory Chief Ministers and the President of the Australian Local Government Association representing the third tier of government in Australia, local government. Local Government has no independent constitutional status in Australia, it derives most of its powers solely from state legislation, via Local Government Acts in each state and the NT. Other legislation confers additional powers on local government, such as for planning and the regulation of development. As Williams and Maginn [46] observe, within this legislative framework, local governments can exercise a large degree of autonomy over some services, while also being an agency for the State or Federal Governments on other matters. Figure 4 shows the responsibilities for emergency management, land use planning, local government and disaster resilience in the Australia's federal system of government (as it was in June 2013).
Section 51 of the Australian Constitution contains the powers conferred on the Federal Government by the States. Significantly, the Federal Government does not have any specific powers for emergency management, disaster resilience or land use planning and regulation of development because the States and Territories retained responsibility for these matters.
Primary responsibility for the protection of life, property and the environment rests with the States and Territories and this includes the provision of police, fire, ambulance services and emergency service organisations, State Emergency Services or SES, comprising of staff and volunteers who provide a disaster response capability within each jurisdiction. Managing emergencies is also the responsibility of State and Territory Governments with local governments playing a significant role. State and Territory Governments have arrangements with each other to share resources when necessary and, in particularly major disasters or adverse events, a State or Territory Government may seek federal assistance [47] .
At the national level, the Ministerial Council on Police and Emergency Management (SCPEM) is a Standing Council of COAG with its membership comprising ministers responsible for Police and Emergency Management from the federal, state and territory governments and from New Zealand and an Australian Local Government Association (ALGA) representative. In relation to emergency management, the Ministerial Council promotes a coordinated national response to emergency management issues, provides a framework for cooperation and shared strategic directions for Australia and New Zealand, and encourages and shares best practice across the jurisdictions. The Ministerial Council is also responsible for providing national leadership on emergency management (all hazards) and disaster resilience, including national policies and priorities, and the consideration of recommendations of national interest arising from commissions of inquiry into recent natural disasters. The Federal Government through the Attorney-General's Department (AGD) provides the secretariat for the SCPEM and supports the States and Territories by providing a comprehensive approach to emergency management, assisting them with developing their capacity for dealing with emergencies and disasters, and for providing physical assistance to requesting States or Territories when they cannot reasonably cope during an emergency.
In 2009, COAG [48] agreed to adopt a whole-of-nation resiliencebased approach to disaster management, recognising that a national, coordinated and cooperative effort is needed to enhance Australia's capacity to withstand and recover from emergencies and natural disasters. The SCPEM therefore prepared a National Strategy for Disaster Resilience (NSDR) which was adopted by COAG in 2011 [45] . The Strategy provides high-level guidance on disaster management to all levels of government, business and community leaders and the not-for-profit sector. While it focuses on priority areas to build disaster resilient communities across Australia, it also recognises that disaster resilience is a shared responsibility for individuals, households, businesses and communities, as well as for governments. The Strategy is also seen as a first step in delivering long term sustained behavioural change and enduring partnerships [47] . To this end, the Strategy includes a number of suggested priority outcomes in relation to reducing risks in the built environment through land use planning, development control and building regulations [47] , including:
1. All levels of decision making in land use planning and building control systems take into account information on risks to the social, built, economic and natural environments.
2. Information on the likelihood of damage from hazards is actively shared, and tools are available to support understanding of potential consequences and costs.
1. Building standards and their implementation are regularly reviewed to ensure they are appropriate for the risk environment.
2. Development decisions take account of both private and public risks.
3. Natural hazard management principles are included in tertiary and vocational training and education curricula for relevant professional and building industry sectors.
4. Settlements, businesses and infrastructure are, as far as is practicable, not exposed to unreasonable risks from hazards or • Strategic planning for infrastructure.
• Criteria for capital city strategic planning systems.
• Cities work plan. sustainable, liveable and socially inclusive and are well placed to meet future challenges and growth [50] .
Local Government • Implementing reforms

Local Government
The national criteria for capital city strategic planning was reviewed by the COAG Reform Council in 2012 to determine the extent to which they improved integration and consistency in planning and delivery across relevant parts of government, especially transport, economic development and land use [51] . The review concluded that none of the capital city strategic planning systems were found to be wholly consistent with the national criteria [50] . Moreover, there was no consideration given to hazard mitigation within the review nor were there any recommendations to address natural hazards within the land use planning frameworks. There are no linkages or references to the seven priority suggestions in the NSDR mentioned above to ensure they are reflected in the strategic planning frameworks for our capital cities.
In May 2011, the federal Minister for Infrastructure and Transport released the Government's National Urban Policy [52] , setting in place the Australian Government's objectives and directions for our major cities.
What is noteworthy about these developments in relation to land use planning is that none of these initiatives extend to improving the land use planning systems to consider disaster resilience in towns and settlements across Australia, let alone across tropical Australia where the impacts of climate change are likely to be greater.
What this analysis demonstrates is that land use planning is not evolving in response to improvements in knowledge and information about the likely impacts arising from natural hazards and the impacts of climate changes. While there has been some shift in emphasis from merely facilitating development to considering the impacts of land use and development on ecological processes since the United Nations Conference on Environment and Development (UNCED) took place in Rio de Janeiro, Brazil in 1992, land use planning systems are yet to fully embrace their role in mitigating the risks to loss of life, property damage and destruction of vital infrastructure arising from natural hazards and climate change.
The NSDR makes some important suggestions with respect to reducing risks in the built environment, but there is still room for improvement in integrating these considerations into land use planning processes. The lack of integration between the set tasks of the SCPEM and SCOTI discussed above, shows the lack of integration at the national level. The two case studies documented below, highlight the importance of integrating data sets that emergency management agencies collect and apply in their hazard management activities, into land use planning frameworks and processes to improve the level of hazard resilience in new and established communities.
Case Study Methods
The risks and consequences from natural hazards vary depending on the location, the demographic profile, the physical characteristics of the community and the type and scale of development. Land use planning when combined with building standards can mitigate the likelihood of loss of life, as well as damage to and/or the destruction of property and infrastructure [6] .
Strategic and statutory land use planning that takes the risks associated with natural hazards into account is critical therefore to the creation of safe, resilient and sustainable communities. The location of current settlements or their planned expansion to accommodate population growth through new development can either create or exacerbate exposure to natural hazards. Land use planning can be used to reduce the level of risk in areas where risk profiles were not well understood at an earlier point in time and our level of understanding has since improved.
To ascertain how well land use planning takes account of natural hazards and produces disaster resilient communities, we applied a 'comparative study in public policy and administration' approach [53] by examining the relationship between the problem (hazard vulnerability and disaster resilience) and the solutions (hazard mitigation) through land use planning. Our case study locations (discussed below) are in two different jurisdictions in Australia. While each jurisdiction has the power to create its own separate procedures specific to its history and circumstances, we assessed five common elements within each of these systems for measures that require or encourage natural hazard resilience, as follows:
1. Planning Legislation -Does the object of the legislation require plans or the planning process to create natural hazard resilient communities? Does strategic planning (for the expansions of current communities or the location of future communities) or the preparation of statutory planning instruments consider the vulnerability of communities to natural hazards and require the inclusion of abatement or mitigation measures in subordinate instruments? 2. State Planning Policies (instruments that protect matters of importance or significance to the state or territory) -Are there state planning policies specific to hazard mitigation in place within the jurisdiction and if so, are they reflected in other state or territory planning instruments and are local government planning schemes required to take them into consideration?
Planning Schemes and Development
Assessment -To what extent are statutory planning schemes required to consider natural hazards risks and either prohibit or limit development in identified hazard locations? Do development assessment processes assess the natural hazard risks at the individual site or project level?
4. Property Disclosure Requirements -Does the property register system include a requirement to disclose information about the location of the land in relation to hazards and in this case flood maps and storm surge maps?
5. Emergency Management Systems -What data does the emergency management system collect and collate to identify and mitigate the risk of natural disasters (in this case cyclones and storm surge), and to what extent is this data made available to state/territory and local government agencies with responsibility for land use planning and development assessment?
The first four elements comprise the land use planning frameworks which are broadly similar in each jurisdiction. The final element was particularly important because we wanted to ascertain the extent to which data collected by emergency management agencies was being used in land use planning processes to develop disaster resilient communities.
Case Study Selection
The two case study locations of Darwin and Machans Beach in Cairns have experienced numerous tropical cyclones in the past 50 years (Figures 1 and 5) . Figure 1 ). Darwin has experienced three catastrophic cyclones in its history of European settlement, the first of which was in 1897, the second in 1937 and cyclone 'Tracy' in 1974. Cyclone Tracy has had a profound impact upon the psyche of tropical Australia, and far greater attention has been paid to both building codes and the social aspects of development planning [54] .
Machans Beach, a delta suburb [18] within the jurisdiction of the Cairns Regional Council fronts onto the Coral Sea and is located between three rivers. This suburb has experienced 10 tropical cyclones within a 50km radius and 38 within a 200km radius in the past 50 years (These are represented by the solid squares above the line in Figure 1 ). The settlement of Cairns has been severely affected by three cyclones in its history, one in 1878, which saw the re-siting of the city, another in 1920 that destroyed many buildings and produced a storm tide that inundated the town to a level of about one metre above high tide and again in 1934 that caused substantial building damage in Cairns and at least 75 people perished at sea in the immediate area.
Both of these tropical locations experience similar frequencies of cyclones. However, the purpose of examining the planning frameworks and emergency management systems associated with each of the case studies is to ascertain how the planning framework currently applies hazard knowledge to create disaster resilient communities.
Case study 1: Darwin, Northern Territory (NT)
In 2011 Darwin had a resident population of about 129,000 people [54] . Development for the entire NT is controlled through the NT Planning Scheme (2007) and is subordinate to the territory-wide planning legislation Northern Territory of Australia Planning Act (2009) -the NT Act. The objects of this Act are 'to plan for, and provide a framework of controls for, the orderly use and development of land' [56] . The Act also states that the objects are to be achieved by: (e) minimising adverse impacts of development on existing amenity and, wherever possible, ensuring that amenity is enhanced as a result of development; (f) ensuring, as far as possible, that planning reflects the wishes and needs of the community through appropriate public consultation and input in both the formulation and implementation of planning schemes; and (g) fair and open decision making and appeals processes [56] .
The objects of the NT Act do not specifically mention hazard mitigation. Rather, the focus is on the creation of a system of land use and development control.
NT Planning Scheme [56] specifically protects existing lawful uses (and associated rights) of the land prior and subsequent to a planning scheme coming into effect. The NT Planning Scheme does however, mention risk mitigation specifically as this relates to meteorological hazards, and requires the consideration of flood and storm surge levels associated with floods and cyclones to minimise risk to life and property [56] .
The NT Planning Scheme [56] applies storm-surge maps to delineate primary and secondary storm-surge zones that may be affected. To mitigate risk to person and property the planning scheme requires all development within the primary storm-surge zone to gain the approval of the Development Consent Authority (DCA) and grants certain concessions to development within the secondary zones. Where development does not trigger the provisions within the NT Planning Scheme, the building code requires compliance with structural safety standards. The assessment process within the NT Planning Scheme is triggered for specific land uses. For instance, in the zone described as Community Living (which is the designation assigned to the land that the Bagot Road and Minmarra Aboriginal communities are located), it is permitted to create extra dwellings, shops, medical centres, group homes and community centres without further planning consent. Should a proponent seek approval for an office, bed and breakfast, horticultural development or a promotional sign, they must gain approval from the DCA. When the permitted land uses contained within the definition of Community Living are examined in combination with the demographic characteristics of Aboriginal communities, it becomes particularly evident that the facilities required for community resilience (medical centres, community centres and shops) are at greatest risk to the impacts of storm surges. However, offices, bed and breakfasts, horticultural developments and promotional signs that have much less to do with resilience and recovery, require greater planning control. There are no Territory-level planning policies in the Northern Territory land use planning framework, nor are there any specific policies regarding the location of development within the identified hazard locations. All development including location of just about everything is controlled via the planning scheme. There are no higher order statutory mechanisms that can override these or policies that require the consideration of factors that would contribute to a community's hazard resilience in the event of natural disasters. Moreover, there are no statutory provisions in the NT that require natural hazard information to be noted on land titles.
The Northern Territory Government's hazard management policy 'All Hazards Emergency Management Arrangements' [57] specifically identifies the role that land use planning plays in creating prepared and resilient communities. The NT Counter Disaster Council has audited the hazards and risks that might affect the Territory and have allocated response responsibilities based on the extent of the disaster experienced. While land use planning is identified within the Emergency Management Arrangements (Figure 6 ) as playing a role in the creating prepared communities, these arrangements focus solely upon the organisation of government agencies in the event of a disaster.
Data published by the NT Emergency Services to identify the relevant storm-surge zones is available and is used within the NT Planning Scheme. Yet, despite the availability of this data and associated mapping, development continues to intensify in storm-surge zones. The NT Planning Scheme does not prohibit development within stormsurge areas for two reasons. Firstly, there is no higher order policy or legislation that enables this prohibition; and secondly, the planning framework is based on risk mitigation and contains provisions to reduce risk through measures such as declaring a minimum floorlevel of habitable rooms in primary and secondary storm-surge zones (typically 300mm above the identified site flood-level).
In addition there are a series of Local Counter Disaster Management Plans that each local area has prepared and are required to follow in the event of a disaster. These plans are created to prevent disasters and are used to assess threats most likely to affect the community and include a general description of the community including its population, major infrastructure and topography. These plans, including the assessment process and the outcomes of the risk assessment, are not considered in the preparation of the NT Planning Scheme pursuant to the NT Planning Act 2009, nor are they referred to by the Development Consent Authority when undertaking development assessment to ensure that planning contributes to creating hazard-resilient communities. In sum, the land use planning framework functions without using the data created and used by the Emergency Services in the Northern Territory.
Case study 2: Machans Beach, Queensland
Machans Beach is located within the Barron River Delta, surrounded by three river networks, (Barr Creek, Redden Creek and the Barron River) and has a 2.5km shoreline along the Coral Sea. During moderate to high rainfall events the rivers often breach the mainland causing flooding to properties located along the delta. The resident population is about 941 people [58] , was first surveyed in 1885 (seven years after the first recorded devastating cyclone) and was later purchased by Richard Machan in 1924 (four years after Cairns' worst cyclone). The shoreline along Machans has been subject to extensive erosion since development began in the early 1930s. After experiencing extensive erosion ( Figure 7 ) and threat to property for more than 40 years, the residents called for a community-based and partially councilfunded initiative to build a rock wall in 1968. The purpose of the rock wall was to reduce erosion and buffer tidal events. The position of the shoreline highlights the impact of tides and storm activities upon the Machans Beach foreshore. In 1968 the rock wall was constructed and this has protected the settlement from further shoreline retreat ( Figure  8 ).
Despite the presence of this rock wall, the Machans Beach community continues to report concerns about the lack of maintenance undertaken by the local government [59] . The community maintains this wall through its own efforts [58] and has expressed serious concerns over the structural integrity and capacity of the wall to withstand a significant tropical cyclone and storm surge. Cyclones, identified the southern of the two lots subject to the court proceedings, to be within the zone of highest storm-surge flood risk. The northern lot is not located in a storm-surge flood zone and was again un-coloured (i.e. unclassified). In sum, this case highlights a disconnect between the hazard data applied by the emergency management agencies and the omission of this data in the development of local planning schemes 
Discussion
This analysis examined the land use planning and emergency management systems in two jurisdictions within tropical Australia to determine the extent to which natural hazards are considered, hazard resilient communities are created and the failure of the 'safedevelopment paradox' resulting from disconnection between the two systems. A summary of our comparisons between the two jurisdictions is shown in Table 1 .
Neither of the two jurisdictions (NT and Qld) use their land use planning systems effectively to create hazard resilient communities and neither of their property registrations systems make the disclosure of hazard data about properties mandatory. Queensland has a state planning policy for mitigating the adverse impacts of natural hazards but it only deals with floods, bushfires and landslides, and which has been under review for two years despite the fact that 95 percent of the State of Queensland was declared a disaster zone in early 2011. The SPP does not deal with the adverse impacts of cyclones, sea level rise or high tidal surges. The NT planning system does not include any provisions for Territory planning policies. The focus of the land use planning systems in both jurisdictions is on creating efficient land use and development control and assessment processes and they fail to adequately consider how the planning of settlements may create disaster resilient communities.
Cyclone Tracy has done little to influence the consideration of hazards in land use planning in Australia (Figure 11) . However, the most enduring impact of Cyclone Tracy, has been improvements to the various jurisdictional building codes to require structures to withstand cyclonic wind forces especially within tropical cyclone prone areas in northern Australia. These codes are State/Territory based and have statutory force. The Building Codes that developed as a result of lessons learnt from Cyclone Tracy have been invaluable and have contributed to the resilience of settlements in north Queensland, as evidenced by the more limited damage to properties from Cyclone Larry in 2006 and Cyclone Yasi in 2011 than would have been the case had the building codes not been changed to reflect these requirements. However, building codes do not determine the location of development. This falls within the purview of the land use planning frameworks, as discussed earlier in this paper.
The two case studies clearly indicate that land use planning is not based upon creating hazard or disaster resilient communities. However, planning can reduce the physical vulnerability of settlements by identifying suitable low-hazard locations. The case studies show that despite their experiences with several cyclones and storm surges of various magnitudes, the communities persevere and grow. According to Lal and Deichmann [64] , identifying and quantifying disaster risk is unlikely to reduce population growth even in the most hazard-prone cities, because locational decisions by corporations and people are storm-surge events and flooding pose the greatest threats to Machans Beach and these are directly related to the topography and geophysical aspects of the Barron delta-based community [18] . The lone access road to Machans Beach is impassable when high rainfall coincides with high tide events. In these instances, Machans Beach is inaccessible and, in turn, the residents are trapped. According to Nott [60] , Machans Beach has experienced small-scale cyclone-generated storm-surge events from Tropical Cyclone Justin in 1997, Rona in 1999, Steve in 2000 and Yasi in 2011. Regular flooding occurs in the area due to its physical profile.
Storm-surge mapping indicates that the entire delta within Machans Beach would experience inundation at two metres or greater. Due to its topography and the three surrounding river networks, Machans Beach would be subject to minor and major storm-surge events. Access roads to Machans Beach would be impassable during high surge events [18] . According to the storm-surge models [18] , the suburb would be one of the most seriously affected residential suburbs within Cairns and approximately 90 percent of dwellings would be flooded or isolated by water.
All development in Queensland is controlled through the Sustainable Planning Act 2009 (Qld) (hereafter referred to as SPA). The purpose of the SPA is to achieve ecological sustainability by:
(a) managing the process by which development takes place, including ensuring the process is accountable, effective and efficient and delivers sustainable outcomes; and (b) managing the effects of development on the environment, including managing the use of premises; and (c) continuing the coordination and integration of planning at the local, regional and State levels. The SPA requires planning schemes to address the impacts of climate change, but not natural hazards (unless these hazards can be proven to be the result of climate change). There is no mandate to create hazard-resilient communities within the SPA, rather the focus is on procedural and environmental matters. The structure of the act requires all planning schemes within the state to comply with 'State Planning Policies' (SPP). The SPP most directly relevant to natural hazards is SPP1/03: Mitigating the Adverse Impacts of Flood, Bushfire and Landslide. However, this policy only requires the cumulative flood impacts of storm-tide inundation to be considered when determining the extent and severity of flood hazard. Storm surge is specifically triggered through an assessment process that incorporates the consideration of coastal hazards. The Queensland government is currently reviewing the coastal hazard policy and associated maps for the Cairns Region and has been for some time, therefore the impact of these maps on future development assessment processes is unclear.
Despite this policy review process, we can make conclusions about the planning system and the manner in which it treats storm surge through a review of a legal case heard in the local Planning and Environment Court. The following case (which describes a reconfiguration of a lot by creating two or more lots from the original one) highlights the scope of the influence that the legal system underpinning land use planning has (or does not have) on creating community resilience.
In 2007, two separate lot-reconfiguration applications (one subdividing a lot into two and the other subdividing one lot into three) were made to the Cairns Regional Council to intensify residential development on the beachfront of Machans Beach ( Figure 9 ). Both applications were refused by the Cairns Regional Council on 11 November 2009. Both of the original lots contain prior development commitments to permit one house on each lot (with ancillary buildings). Council refused the applications to intensify on the basis of non-compliance with relevant planning-scheme requirements. Of the five grounds for refusal: one was for inadequate engineering mitigation, one was on the grounds of risk to natural hazard, and three on the grounds that the proposals impacted adversely on environmental values (erosion, riparian buffer and future waterway movement). Refusal was Subsequent to their refusals, both applications were appealed to the Planning and Environment Court by the proponent. The appeal focused on the integrity and location of the rock walls that separate the lots from the Coral Sea and the creeks that each abut. Expert evidence from engineers demonstrated that the existing rock walls had experienced previous cyclone and flooding events. The rock wall engineering certification was made in 2003 indicating that the rock wall was designed to withstand winds of 60m/s during a cyclone [61] . Both applications were approved by the Court subject to conditions. The approval was granted based on the engineering evidence provided. This evidence verified the ability of the rock walls to withstand the impacts of flooding and storm surge.
A 100-year ARI flood-inundation map has statutory force within the planning scheme ( Figure 10 ). This map clearly indicates that the southern lot is likely to flood and the northern lot is not likely to flood.
A recent unpublished study [58] of the Machans Beach community regarding perceptions of storm surge indicates that minor storm surge events have been experienced at Machans Beach but have not been officially recorded. Moreover, there is no storm-surge mapping incorporated in the council's land use planning. Rather all data describe the inundation events as floods, which makes it difficult to separate storm-surge risk from river flood risk.
There are no provisions in any Queensland legislation that requires hazards to be noted on land titles and therefore no property disclosures apply for natural hazards. There is however, a range of information available to residents who live within Machans Beach on storm-surge hazard. The local government facilitates a Local Disaster Management Group (LDMG) that is chaired by its Mayor. The LDMG follows a Local Disaster Management Plan, which like its NT counterpart, has undertaken extensive risk assessments pursuant to the National Emergency Risk Assessment Guidelines [62] to identify the risk of all natural hazards in addition to developing a comprehensive strategy regarding the population characteristics including a vulnerable person's register to support emergency management procedures. In this particular instance the local government is responsible for both land use planning and supporting the LDMG and its initiatives. However, the data created and applied by the LDMG are not applied in the local planning scheme prepared by the local government. Moreover, in 2011 the LDMG released a series of storm-surge evacuation maps that clearly to function in their everyday lives as they did before they experienced a hazard event [7] . The hazards and emergency management literature maintains that communities could be more resilient to disasters through land use planning [4, [8] [9] [10] [11] [12] . Stevens [2] goes so far as to claim that land use planning has adequately addressed the issue of hazard mitigation. However, planned development continues to occur in cyclone hazard-prone areas, and the planning literature has little to say about the role that land use planning has played or should play in creating hazard resilient communities in these areas.
The purpose of this article is to examine land use planning frameworks in tropical Australia to identify how the application of likely to favour agglomeration economies and the amenity value of large cities. Moreover, Lal and Deichmann [64] maintain that public policies aimed at slowing the growth of hazard-prone cities is unlikely Purpose of the Act To provide for appropriate and orderly planning and control of the use and development of land, and for related purposes.
Achieve ecological sustainability through managing the planning process, managing the effects of development and through government co-ordination.
Objectives of the Act
Objects of this Act are to plan for, and provide a framework of controls for, the orderly use and development of land through sustainable use of resources, strategic planning of infrastructure, appropriate use of land, control of development (natural environment, sustainable use of land and water resources, minimising impacts of development upon amenity, public consultation and fair and open decision making and appeals processes.
Advancing the purpose of the Act through decision making processes, sustainable use of natural resources, lessening environmental effects of development (climate change, urban congestion and human health), housing and economic diversity, infrastructure efficiency, amenity in the built environment and opportunities for community involvement. 
State Planning Policy
Planning Scheme
Considers storm surge. However despite these intensification continues in declared primary and secondary storm surge zones
No storm surge maps, development is required to consider flooding effects through overlay maps (pursuant to the State Planning Policy 1/03).
Property Disclosure Nil Nil
Emergency Management Systems
Systems in place to identify locations and respond to disasters. No linkage between the data created and used by Emergency Management and land use planning.
Systems in place to identify locations and respond to disasters. No linkage between the data created and used by Emergency Management and land use planning. to succeed. The challenge for creating disaster-resilient communities via the land use planning system, is finding a balance between facilitating growth (that appears to be inevitable) and mitigating risk.
The two case studies also show that the absence of a statutory requirement to properly consider the risk of loss of life, damage to property and destruction of vital infrastructure in their land use planning systems is a significant defect in the system. Both study sites have experienced the effects of tropical cyclones, yet the land use planning systems in both jurisdictions pay scant attention to the hazards arising from tropical cyclones, sea level rise and high tidal surges in their land use planning systems to delineate development away from these locations. There is an implicit disregard for the positive measures that could be incorporated into land use planning systems to deliver better outcomes in terms of hazard reduction and more disaster resilient communities. In turn, this places far greater reliance for response and recovery responsibilities upon the emergency services systems.
Furthermore, there is no mandatory requirement for the land use planning systems to use the data accumulated by the emergency management and disaster recovery systems to inform the development of strategic and statutory plans. There is no requirement to share this information across agencies and this inhibits the production of better knowledge, despite what the various jurisdictions have developed and committed to through the COAG processes discussed above. In particular, the suggestions documented in the NDRS with respect to reducing risks in the built environment [47] , have not been taken up by the Queensland and Northern Territory Governments. What this analysis demonstrates is that the 'safe development paradox' is alive and well in tropical northern Australia.
The notion that hazard awareness and empirical evidence influence future development is, at best, tenuous. The case study of Machans Beach highlights how engineering can mitigate a hazard's impact upon environmental values and therefore can enable the intensification of development. At no point in this case, was the Planning and Environment Court concerned about the resilience of the residents who would eventually occupy the new subdivided lots. The Court's focus was on the structural integrity of the rock wall. Indeed, the Court could not hear matters relating to community resilience because these were not legally assessable indicators that could be considered by Council or the Court due to the absence of a legislative requirement for planning to create disaster resilient communities.
The land use planning system is an important aspect of hazard mitigation, but it can only be of use where the system is explicitly required to take the full range of hazards in an area into account. In another case heard in the Queensland Planning and Environment Court [63] , a conservation group appealed a development decision on the basis that the development was within a storm-surge zone and therefore was inconsistent with contemporary legislative provisions. The court upheld the appeal and in its summary, maintained that planning is about balancing risk with economic development. Moreover, the local council defended its decision to approve the development because designing the whole site for potential events is impractical [62] . It, therefore, appears there is a perception that mitigating hazards in hazard-prone urban environments is counterproductive to achieving economic development. The seven previously mentioned land use planning priorities of the NDRS should be incorporated into the land use planning systems to ensure their robustness in reducing risk to loss of life, damage to property and destruction of vital infrastructure as well as in developing communities better disaster resilience built-in from the outset rather than as an afterthought.
The two case studies clearly indicate that land use planning is not based upon creating hazard resilient communities. However, planning can reduce the physical vulnerability of settlements by identifying suitable low-hazard locations. The case studies show that despite their experiences with several cyclones and storm surges of various magnitudes the communities persevere and grow. According to Lal and Deichmann [64] , identifying and quantifying disaster risk is unlikely to reduce population growth even in the most hazard-prone cities because locational decisions by firms and people are likely to favour agglomeration economies and the amenity value of large cities. Moreover, Lal and Deichmann [64] maintain that public policies aimed at slowing the growth of hazard-prone cities is unlikely to succeed. The challenge for creating disaster-resilient communities via the land use planning system is finding a balance between facilitating growth (that appears to be inevitable) and mitigating risk.
Conclusions
This study clearly demonstrates that land use planning is not concerned with the hazard-resilience of communities. Land use planning frameworks are isolated and disconnected from the emergency management and disaster recovery systems, and there are no active policy linkages between the two systems, or not in so far as the impacts of tropical cyclones, sea level rise and high tidal surges are concerned, such that the two systems gain from each other's' knowledge and experience. Given the nature of the legal system that protects land use rights, it is highly unlikely that this situation will change in the immediate future. Creating hazard-resilient communities therefore remains the sole responsibility of emergency management and disaster recovery authorities as these organisations deal exclusively with a community's response in the event of a natural disaster, rather than also becoming the responsibility of the land use planning and development control agencies, state/territory and local.
The safe development paradox applies equally to tropical Australia as it does in the hurricane locations described by Burby [1] 
in the United
States of America. The mantra of the national government is to create hazard resilient communities, yet the very government institutions and associated systems that govern these systems are not structured or adequately tasked to achieve this goal. The hazards literature fails to understand the traditional purpose of land use planning and how communities protect their lifestyles and property rights through land use plans. If the goal of federal and state governments in Australia is to create hazard-resilient communities through land use planning, then a fundamental change to the way in which planning is conceptualised and practiced is urgently required. However, this fundamental change is not specific to just the planning fraternity, rather it also applies to all public institutions that affect disaster resilience, including planners, and emergency managers. Better mechanisms for sharing the data and knowledge accumulated by emergency management systems and for integrating that information into land use planning systems needs to happen as a matter of urgency. From the results of this analysis the most immediate actions necessary to create disaster resilient communities through land use planning systems in tropical Australia, include:
•
Creating consistent methodologies and data frameworks to enable information-sharing between government agencies at all levels.
• Improving access to risk information data and developing more-effective collaboration to assess and monitor hazards and risks across jurisdictional boundaries for the benefit of the community.
• Improving access to data and tools to assess hazards and risks to enable communities to better understand the risks associated with being exposed to natural hazards.
